The process of Compton scattering γe ± → γe ± in a strongly magnetized medium of arbitrary temperature and zeroth chemical potential was considered. The analytical expressions for the partial cross section in the small concentration limit of the electron-positron plasma are obtained. The numerical estimations for the partial probabilities of this process are presented by taking into account the photon dispersion in a strong magnetic field and charge-symmetric plasma of arbitrary temperature. The comparision of the scattering probability with photon splitting in a plasma was investigated. The astrophysical applications of the obtaining results are considered.
Introduction
• to estimate the possible effect of the process under consideration on spectral formation of SGR.
There are two ways in which a medium influences on the process of photon scattering. On the one hand, it can change the process amplitude. The case of the pure magnetic field without plasma was considered in the paper [6] for the arbitrary value of the magnetic field strength. Using this result, authors [7, 8] calculated the cross section in the rest frame of the initial electron and in the limit of a low photon energy. Moreover, in paper [8] the initial and final electrons are at the ground Landau level and the initial photon propagates along the magnetic field direction. In this case the virtual electrons are at the first Landau level. On other hand the external active medium influence on the photon dispersion properties and, therefore, the photon kinematics. This can be changed the cross section and was considered by authors [9, 10] in the magnetized plasma and the approach ω ≪ 2m. In paper [10] it was shown, that in the low temperature limit the process of Compton scattering could compete with other absorption reactions such as the photon splitting, γ → γγ. The calculation of the temperature distribution of the radiation in the region containing the magnetic field and electron-positron plasma can be possible astrophysical application of the considering process. In the paper [11] for calculation of this distribution the photon splitting (merging) channel, γ 1 → γ 2 γ 2 , (γ 2 γ 2 → γ 1 ) and Compton scattering were considered only in the limit ω ≪ 2m. At the same time, at we show below, this result is correct only in the small region of the parameters of temperature, photon energy and magnetic field strength.
The process of photon scattering, γe ± → γe ± , is considered in the case of a strongly magnetized plasma, when the magnetic field strength B is the maximal physical parameter, namely √ eB ≫ T, µ, ωE. Here T is the plasma temperature, µ is the chemical potential, ω and E is the initial photon and electron energies correspondingly. Moreover, we consider the region the electron and photon momentum far off cyclotron resonance, that is eB ≫ (pk).
The paper is organized as follows. In the Section 2 we perform the analysis of the photon dispersion properties in strongly magnetized hot plasma. The numerical calculation of the photon scattering absorption coefficients for different channels are presented in Section 3. Final conclusions are given in Section 4.
Photon propagation in strongly magnetized hot plasma
The propagation of the electromagnetic radiation in any active medium is convenient to describe in terms of normal modes (eigenmodes). In turn, the polarization and dispersion properties of normal modes are connected with eigenvectors and eigenvalues of polarization operator correspondingly. In the case of strongly magnetized charge-symmetric plasma the eigenvalues of the polarization operator can be obtain from the results of [12] :
where
. 
The four-vectors with indices ⊥ and belong to the Euclidean {1, 2}-subspase and the Minkowski {0, 3}-subspase correspondingly in the frame were the magnetic field is directed along third axis; ϕ αβ = F αβ /B andφ αβ = 1 2 ε αβµν ϕ µν are the dimensionless field tensor and dual field tensor correspondingly. The tensors Λ αβ = (ϕϕ) αβ , Λ αβ = (φφ) αβ , with equation
The dispersion properties of the normal modes can be defined from the dispersion equations
The analysis of these dispersion equations solutions shows that the modes with λ = 1, 2 and with polarization vectors
are only physical in the case under consideration, just as in the pure magnetic field case 2 . However, it should be emphasized that the coincidence of the polarization vectors in the plasma is approximate, to within O(1/β). Notice, that in plasma only the eigenvalue P (2) (q) modifies in comparison with pure magnetic field case. It means that the dispersion law of the mode 1 is the same one as in the magnetized vacuum where its deviation from the vacuum law, q 2 = 0, is negligibly small. From the other hand, the dispersion properties of the mode 2 essentially differs from the magnetized vacuum ones. In the Figure 1 the photon dispersion in both strong magnetic field and magnetized plasma are depicted. Another important difference is an essentially different dependence of the dispersion law in variables and on the angle between the photon momentum and the magnetic field direction (see Fig. 2 ). 
It follows from Eq. (2) that the eigenvalue of the polarization operator P (2) is large near the electron-positron pair production threshold. This suggests that the renormalization of the wave function for a photon of this polarization should be taken into account:
We can write the partial amplitudes for possible channels γ 1 e ± → γ 1 e ± , γ 1 e ± → γ 2 e ± , γ 2 e ± → γ 1 e ± and γ 2 e ± → γ 2 e ± in the following form
M 2→2 = 16iπαm
where κ = 1 − 4m 2 /Q 2 , Q 2 = (q − q ′ ) 2 < 0 defines the integration region.
3 The absorption coefficients and cross sections in the strongly magnetized medium
We will calculate the photon scattering absorption coefficients for comparison with photon splitting process and possible astrophysical application. The general expression for the Compton scattering absorption coefficients by real electrons and positrons of the medium can be written in the following form
The analytical expression for the photon scattering absorption coefficients in the case of a rare electron-positron gas ( T ≪ m) can be presented as W λ→λ ′ = W λe − →λ ′ e − + W λe + →λ ′ e + = n e σ λ→λ ′ , where the cross sections for the allowing channels is
and the number of density of electron (positron) in a strongly magnetized, charge symmetrical plasma can be estimated as n e = eB mT
In the limit ω ≪ m, the expressions (12)- (15) agree with the well-known results [4] . We also have made the numerical calculations of the photon scattering absorption coefficients in the case of the initial photon propagation across the magnetic field direction for the possible channels. Our results are represented in Figures 3 and 4 .
Let us consider of the obtaining results. As can be seen from Figure 3 , the channels γ 2 e ± → γ 2 e ± and γ 2 e ± → γ 1 e ± are dominate in the allowed region, ω < 2m over the photon splitting channel, γ 2 → γ 1 γ 1 , at given of the temperature and magnetic field strength. It is notice, that the photon splitting channels γ 1 → γ 1 γ 2 and γ 1 → γ 2 γ 2 are kinematically closed in this region at the temperature T 1 MeV. This can be seen graphically in Figure 1 . However these channels can be open progressively at low temperature. Now, we consider the channels γ 1 e ± → γ 1 e ± and γ 1 e ± → γ 2 e ± . As can be seen from Figure  3 , the photon splitting channel γ 1 → γ 1 γ 2 is explicitly dominate over these scattering channels in the case of low temperature and the photon energies ω > 2m. This is due to the fact that the plasma number of density is the exponential suppressed, as can be seen from (16). In other hand, at the photon energy ω < 2m, the temperature T > 25 keV and magnetic field strength Figure 3: The dependence of the absorption coefficient of photon scattering of channels γ 1 e ± → γ 1 e ± (firm line) and γ 1 e ± → γ 2 e ± (dashed line) on energy of initial photon in a strong magnetic field B/B e = 200 and neutral (µ = 0) plasma, at T = 1M eV -a, T = 250keV -b, T = 50keV -c. The dotted line corresponds to the probability of photon splitting, γ 1 → γ 1 γ 2 , under (T = 50keV ) [13] . Here W 0 = (α/π) 3 m. Figure 4: The dependence of the absorption coefficient of photon scattering of channels γ 2 e ± → γ 2 e ± (firm line) and γ 2 e ± → γ 1 e ± (dashed line) on energy of initial photon in a strong magnetic field B/B e = 200 and neutral (µ = 0) plasma, at T = 1M eV -a, T = 250keV -b, T = 50keV -c. The dotted line corresponds to the probability of photon splitting, γ 2 → γ 1 γ 1 , at (T = 1M eV ) [13] . Here W 0 = (α/π) 3 m.
B/B e = 200 the scattering probability over the considering two channels is comparable with the photon splitting probability from the channels γ 1 → γ 1 γ 2 and γ 1 → γ 2 γ 2 . We consider the region from radius to distance of neutron star with magnetic field strength which falls down from B = 200B e to B = B e value. We can define the lowest limit of photon energy, ω sc , to trapped in this region. The optical deep is equal to one at this energy.
The photon of mode 2 should be trapped by magnetic field at the photon energy ω sc = 0 and the temperature T ≃ 16 keV. (In this case the cross section transition to the Thompson cross section.) For the channel γ 1 e ± → γ 1 e ± we have ω sc = 85 keV and ω sc = 0.5 keV for the temperatures T = 25 keV and T = 50 keV correspondently. The result ω sc = 37.5 keV was obtained by authors [11] for the channel γ 1 → γ 2 γ 2 in the limit T ≪ m. However, the temperature distribution in the region containing the magnetic field and electron-positron plasma was not taken into account in [11] . Moreover, our analysis shows, that the photon splitting (merging) channels as well as the photon scattering channels have equal contributions to the Boltzmann equations for the photon occupation number and to the photon energy flux in the diffusion approximation. It is obvious that have an influence on spectral formation of SGR.
Summary
• The process of Compton scattering, γe ± → γe ± , in a strongly magnetized medium of an arbitrary temperature and zeroth chemical potential is considered.
• The analytical expressions for the partial cross section in the small number of density limit of the electron-positron plasma are obtained.
• The numerical estimations for partial absorption coefficient of this process are presented by taking into account the photon dispersion in a strong magnetic field and a chargesymmetric plasma of an arbitrary temperature.
• The comparision of the scattering absorption coefficients with photon splitting in a plasma of arbitrary temperatures was performed. The results show, that the photon scattering and photon splitting channels are comparable at T ≥ 25 keV and magnetic field strenght B = 200B e .
• The estimation of the low limit of photon energy, at which the optical depth is equal to one was obtained.
